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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magneto-resistive effect 
multilayers which constitute the magneto-resistive effect component applied to 
the magnetic head, a position sensor, a rotation sensor, etc. 
[0002] 

[Description of the Prior Art] Conventionally, the AMR (Anisotropic 
Magnetoresistance) head using the anisotropy magneto-resistive effect 
phenomenon as a magneto-resistive effect mold reading head (MR head) and the 
OMR (Giant Magnetoresistance: giant magneto-resistance) head using the spin 
dependence scattering phenomenon of conduction electron are known, and the 
spin bulb (Spin-Valve) head which shows a high magneto-resistive effect by the 
low external magnetic field is shown in the U.S. Pat. No. 5159513 specification as 
one example of a GMR head. 

[0003] Drawing 4 shows an example of the spin bulb structure known 
conventionally, and the structure of this example carries out the laminating of the 
free ferromagnetism layer 1 , the nonmagnetic interlayer 2, the pinning 
ferromagnetism layer 3, and the antiferromagnetism layer 4 on a substrate, it forms 
the magnet layers 5 and 5 which consist of Co-Pt etc. so that a layered product 
may be inserted into the both sides of this layered product, it forms the electrode 
layers 6 and 6 on it, and is constituted. In order to make the magnetization 
direction of the pinning ferromagnetism layer 3 fix to the Z direction of drawing 4 in 
structure conventionally which is shown in drawing 4 , a comparatively big bias field 
is required, and the more this bias field is large, the more it will be moreover, good. 
In order to overcome the anti-field of the Z direction of drawing 4 and for the 
magnetization direction not to shake by the magnetic flux from a magnetic medium, 
the bias field of 100 Oe is required at least. If it is in structure conventionally 
which is shown in drawing 4 in order to acquire this bias field, the exchange 
anisotropy field produced by contacting the antiferromagnetism layer 4 in the 
pinning ferromagnetism layer 3, and preparing it in it is used. 
[0004] By the magnet layers 5 and 5, while making magnetization turned in the 
direction of a truck in the condition of having impressed parallel (the direction of X 
of drawing 4 : the direction of a truck) vertical bias to the free ferromagnetism 
layer 1 to the film surface as it is the structure shown in drawing 4 , and having 
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milling removes other garbages, and is equivalent to the width of recording track is 
manufactured A possibility that the reattachment of an unnecessary element may 
happen to the periphery part of the obtained layered product S at the time of ion 
milling was high; the unnecessary element mixed in the important part on which 
magnetic flux is made to act in the part to which a layered product S contacts 
extension section 8a of the ferromagnetic layer 8, and there was a possibility that 
it might become impossible to acquire the effectiveness by desired vertical bias. 
[0008] This invention by having been made in view of said situation and preparing 
the layer for impressing vertical bias to a free ferromagnetism layer in the form 
which carries out a laminating to the free ferromagnetism layer instead of the flank 
side of a free ferromagnetism layer While being able to abolish fear of unnecessary 
element mixing to the boundary part of the layer for impressing vertical bias to a 
free ferromagnetism layer, and a free ferromagnetism layer and fully being able to 
acquire the effectiveness by vertical bias It excels in linearity responsibility and 
aims at offering the magneto-resistive effect mold sensor which controlled the 
Barkhausen noise. 
[0009] 

[Means for Solving the Problem] In order that this invention may solve said 
technical problem, the pinning ferromagnetism layer to which pinning of the flux 
reversal was carried out, and flux reversal are the magneto-resistive effect 
multilayers which come to carry out the laminating of the freed free 
ferromagnetism layer through a non-magnetic layer, the laminating of the soft 
magnetism layer is carried out to the top face or inferior surface of tongue of said 
free ferromagnetism layer, and an antiferromagnetism layer is characterized by 
coming to carry out a laminating further at least on the top face or inferior surface 
of tongue of said soft magnetism layer. Next, they are the magneto-resistive effect 
multilayers which come to carry out the laminating of the free ferromagnetism 
layer by which the pinning ferromagnetism layer to which the focus stop of the flux 
reversal was carried out, and flux reversal were freed in this invention through a 
non-magnetic layer. The laminating of the soft magnetism layer which carries out 
ferromagnetic association to said free ferromagnetism layer, and lowers the 
coercive force of this free ferromagnetism layer is carried out to the top face or 
inferior surface of tongue of a free ferromagnetism layer. The laminating of the 
antiferromagnetism layer which single-domain-izes this soft magnetism layer on 
the top face or inferior surface of tongue of said soft magnetism layer is carried 
out further at least, and it is characterized by being what measures and uses the 
electric resistance according to the magnetic reversal of said free ferromagnetism 
layer. Furthermore, in this invention, it consists of a crystal phase which consists 
of carbide with element M' which said soft magnetism layer becomes from one sort 
or two sorts or more of elements of the crystal phase which uses bccFe as a 
principal component, and Ti, Zr, Hf. V, Nb(s), Ta and W, and a nitride, and the 
diameter of average crystal grain is characterized by coming to make a fine crystal 
grain 30nm or less into a subject. 

[0010] In this invention structure, it is characterized by consisting of an 
amorphous phase which consists of a compound with the element M with which 
said soft magnetism layer is set to the crystal phase which makes a subject crystal 
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[0013] Possibility that factors other than spin dependence dispersion of 
conduction electron will arise is low, and it originates in the ability of a higher 
magneto-resistive effect to be acquired rather than the direction where the 
effectiveness of spin dependence dispersion of conduction electron constitutes a 
large thing and the ferromagnetic layers 32 and 34 from an ingredieint of the same 
kind according to the interface of Co and Cu consists of ingredients of a different 
kind, if this is in the giant magneto-resistance developmental mechanics of the 
structure whose non-magnetic layer 33 is pinched in the ferromagnetic layers 32 
and 34. Since it is such, when the ferromagnetic layer 32 is constituted from Co, 
the structure which permuted the non-magnetic layer 33 side of the ferromagnetic 
layer 34 by Co layer by predetermined thickness is desirable. Moreover, even if 
distinguish especially Co layer and it does not prepare it, it is good also as a 
concentration gradient layer to which Co concentration becomes thin gradually as 
it considers as the alloy condition of having included more Co(es) in the non- 
magnetic layer 33 side of the ferromagnetic layer 34 and goes to the opposite side. 

[0014] Said non-magnetic layer 33 consists of non-magnetic material represented 
by Cu, Cr, Au, Ag, etc., and is formed in the thickness of 20-40A. If the thickness 
of a nonmagnetic membrane 33 is thinner than 20A here, magnetic association will 
become easy to take place between the ferromagnetic layer 32 and the 
ferromagnetic layer 34. Moreover, since the rate of the conduction electron 
scattered about by the interface of the non-magnetic layer 33 which is the factor 
which produces a magneto-resistive effect, and the ferromagnetic layers 32 and 34 
will fall and a magneto-resistive effect will be reduced according to the shunt 
effect of a current if a non-magnetic layer 33 is thicker than 40A, it is not 
desirable. 

[0015] Said soft magnetism layer 37 consists of film of the soft magnetism alloy 
explained below, and is preferably formed in about 100-300A in thickness. In 
addition, it is desirable to use the big thing of specific resistance while the soft 
magnetism layer 37 used here is excellent in soft magnetic characteristics and its 
saturation magnetic flux density is high. 

[0016] FeaMbOc shows as example of presentation 1 empirical formula — having - 
- M — rare earth elements (Sc belonging to 3A group of a periodic table — ) Y, or 
La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Td, A kind of elements or those mixture are 
expressed at least among lanthanoidses, such as Dy, Ho, Er, Tm, Yb, and Lu. The 
presentation ratios a, b. and c It is atomic % preferably and the soft magnetism 
alloy characterized by satisfying 50<=a<=70, 5<=b<=30, 10<=c<=30, and the relation 
it is unrelated a+b+c=100 can be applied. In addition, if it is the soft magnetism 
alloy of this presentation, since the high specific resistance of 400-1 000m icro 
ohm-cm extent is shown as specific resistance as this invention persons indicated 
on the JP,06-316748,A specifications previously, it can be used for the purpose 
achievement of the invention in this application. 

[0017] It is shown by FedM eOf as example of presentation 2 empirical formula. M' 
A kind of elements chosen from the group of Ti, Zr, Hf, V, Nb, Ta. and W or those 
mixture are expressed at least, and the presentation ratios d, e, and f are atomic % 
s preferably. The soft magnetism alloy characterized by satisfying 45<=d<=70, 
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T1 in the structure shown in drawing 1 . If it is the structure shown in drawing 1 , 
as a result of carrying out pinning of the sense of magnetization of the pinning 
ferromagnetism layer 32 and freeing the direction of magnetization of the free 
ferromagnetism layer 34 in the field equivalent to the width of recording track TW. 
a coercive force difference arises among the ferromagnetic layers 32 and 34, it 
originates in this, and giant magneto-resistance is obtained. That is, if external 
magnetic fields, such as a leakage field from a magnetic-recording medium, act on 
the part equivalent to the width of recording track TW of the center section of the 
free ferromagnetism layer 34 where rotation of magnetization was freed, since the 
sense of magnetization of the free ferromagnetism layer 34 will rotate easily, 
resistance change arises in the magneto-resistive effect multilayers T1 with 
rotation, and the magnetic information on a magnetic-recording medium can be 
read by measuring this resistance change. Moreover, resistance change is obtained 
by good linearity responsibility, without producing a Barkhausen noise, since the 
free ferromagnetism layer 34 is in contact with the single-domain-ized soft 
magnetism layer 37 and vertical bias is moreover impressed in the case of this 
resistance change. 

[0023] Moreover, in the structure shown in drawing 1 , when the ferromagnetic 
layer 31 for pinning is constituted from alpha-Fe 203, alpha-Fe 203 is oxide from 
the first, and it excels in corrosion resistance compared with FeMn used in the 
conventional spin bulb structure, and since Neel temperature is high, there is the 
description strong against temperature fluctuation. In addition, although it indicated 
that the ferromagnetic layer 31 for pinning could be constituted from alpha-Fe 203 
in the component structure shown in drawing 1 , be [ what is necessary / just 
since it seems that the component of the ferromagnetic layer 31 for pinning makes 
the magnetic switched connection force act on the pinning ferromagnetism layer 
32. and makes coercive force high ], of course, you may constitute from other 
antiferromagnetic substance, oxide antiferromagnetic substance, or high coercive 
force magnetic substance etc. 

[0024] Next, in order to obtain the magneto-resistive effect multilayers T1 of the 
structure shown in drawing 1 . nonmagnetic ceramic substrates, such as 
aluminum203-TiC (Al Chick), are installed in the chamber of high frequency 
magnetron sputtering equipment or ion beam spatter equipment, and after making 
the inside of a chamber into inert gas ambient atmospheres, such as Ar gas, it can 
create by forming a required layer one by one. Targets required for membrane 
formation are for example, 20alpha-Fe 3 target, a nickel-Fe alloy target, a Cu 
target, etc. 

[0025] In order to manufacture the magneto-resistive effect multilayers of the 
cross-section structure shown in drawing 1 Impressing a field at the Z direction of 
drawing 1 into reduced pressure ambient atmospheres, such as 3 or less mTorr of 
Ar gas pressure etc. While forming the ferromagnetic layer 31 for pinning which 
consists of alpha-Fe 203 on a substrate by the spatter and forming the two-layer 
ferromagnetic layers 32 and 34 on both sides of a non-magnetic layer 33 on this 
ferromagnetic layer 31 for pinning It leaves the part which is equivalent to the 
width of recording track with a photolithography process and ion milling, other 
parts are removed, and it considers as a layered product 35. If a layered product 
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product 41. 

[0030] Since the laminating of the soft magnetism layer 37 and the 
antiferromagnetism layer 38 is carried out to the free ferromagnetism layer 34 also 
in which such structures, vertical bias can be impressed, since adhesion 
arrangement of the antiferromagnetism layer 38 is carried out at the soft 
magnetism layer 37, the soft magnetism layer 37 can be single-domain-ized, and 
the purpose of this application can be attained like the case of a previous gestalt. 
[0031] In addition, since the layered product 40 is constituted from the 
ferromagnetic layer 31 for pinning, the pinning ferromagnetism layer 32. a non- 
magnetic layer 33, a free ferromagnetism layer 34, soft magnetism layer 37', and 
antiferromagnetism layer 38' unlike the structure it is indicated to drawing 1 that is 
the structure shown in drawing 2 It can manufacture by forming a layered product 
40 by carrying out ion milling collectively, after carrying out sequential membrane 
formation and carrying out the laminating of the film for forming these, and forming 
the electrode layers 36 and 36. That is, since it is unnecessary like the structure 
shown in drawing 1 with the structure which the need of carrying out the 
laminating of the soft magnetism layer 37 and the antiferromagnetism layer 38 
separately further shows to drawing 2 after forming a layered product 35 and the 
electrode layer 36, if it is the structure shown in drayym^^ . rather than the 
structure shown in d rawi ng 1 , a routing counter can be reduced and it can 
manufacture easily. 
[0032] 

[Effect of the Invention] As explained above, this invention carries out the 
laminating of a soft magnetism layer and the antiferromagnetism layer to a free 
ferromagnetism layer, and is prepared, and while making a soft magnetism layer 
produce magnetic switched connection from an antiferromagnetism layer and 
single-domain-izing a soft magnetism layer, vertical bias can be impressed to a 
free ferromagnetism layer through a soft magnetism layer from an 
antiferromagnetism layer. And since a soft magnetism layer and an 
antiferromagnetism layer are prepared in the form which carries out a laminating to 
a free ferromagnetism layer, even if it is the case where carry out the laminating of 
the film which constitutes each class, and patterning is carried out by ion milling 
etc., a possibility that an undesired substance may mix in the laminating interface 
of a soft magnetism layer, an antiferromagnetism layer, and a free ferromagnetism 
layer disappears, and can impress the vertical bias as the purpose. Therefore, if 
the magneto-resistive effect multilayers of said structure are used for the 
magnetic head, the magnetic head which carries out a linearity response and can 
read magnetic information for resistance change to a minute field from a magnetic- 
recording medium in a lifting and the condition that there is no Barkhausen noise 
with sufficient detection sensitivity by this can be offered. 
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!U;attJS3 7tt, ^m^^mzmn. m^mMmmfim 

[0016] m^m 1 

mm^(0 3AmizmT^s y. a&-5v^«La. c 

e> Pr, Nd, Pin, Sm, Eu, Gd, Td. D 

y. Ho, Er, Tm, Yb, L u ;^ /-f 40 

0^a^70. 5^b^30, 10^c^30, a + b 

+ c = 1 0 ou^mm^m&-r^z.t^!WWi.t-r^i^m 
tt-S-^«r®fflT-S' fe*3, c:©ffi^©i)(a 

tt^^;i£^«, ^fel;i*^?g#^*i#iB¥0 6-3167 

4 8^mmmxm^hrz^^a<itmithx4 o o~ i o 

[0017] mfiKfiSJ 2 50 
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a^iCtbTFe.M' ,0,Xm^n, W «> Ti. 
Zr, Hf. V, Nb, Ta, WOSd^SMf^nfe^)^ 

d, e, f «»Sb<{3:®^%-C, 4 5^d^7 0. 5 
^e^30, 10^f^40, d + e+ f = 1 0 Ofj-g) 

iz:^%mm^i!)mmw-o 6-31574 8^mmmxm 

mhrz1ia<tki&^tLX. 4 0 0~2. 0 X 1 0' n • 

[0018] 3a^c»i 3 
MfiKiCtLT, T,o.-.-».c.. -X.-M^-Z.-Q.-C 
T«Fe tCo©Vi-rn*-'XtiM:i&> X«S i 
1 ©Vi-rnd^X«M:*, M' «T i , Zr. Hf, 
V, Nb, Ta, Mo, WO^Mtc^P*^ e.S«nS'> 

)4<tfcia©7nm, zttc tNovi-rn*^x«M?&. 

QtSCr, Re, Ru, Rh, Ni, Pd, Pt, Au 

•r. mw.<Dm.mz^\,^x. Tiaom^tk 

%) *i^S-r^^t*^»*LVi, 0^a^2 5, i^b 
^7, O.SSc^lO, O^d^lO. c:o0t|©mfi£ 

[0 0 19] m.mm4 

M^iCtbT, T,oo-. -d -S i.-Al,-Mt- 
Z»-Q,, ■flb, T«F e i:Co©Vi-rn*^X«i^:^, 
M«T i , Zr, Hf, V, Nb, Ta, Mo, W©^ 
Mtc^P*^ e.jM«n -5 tfe ia©7n^, ZitCt 
N©Vi-rnA'>X»4M:^, Q«Cr, Re, Ru, Rh, 
Ni, Pd, Pt. Au©^Jl7cSP*^f)a«n^'>3^ 

< ia©7nm^^**D-r. sfc. Tte©mm (Kt 

%) ^&l^£-r-5J:i:*W^bVi. 8^6^15, 0.5 
^f^lO, l^b^7, O.S^c^lO, O^d^ 

10. ::©^«i©iia^-e*S7se.«, iT^m^^M^^f^ 
mmMmm^^-r(Dx^m^m(DS6^m^<Drctb\zmm 
-r^z.tt>ix'^^, 

[0 0 2 0] 'Aiz. mriHs^a'ftes 8 «, tf>±iie)ffi 
mm^m3 1 titmfsi^Kmm^i^. m^i-^. c t-a 

1, PtMn, N i 0^*''^7S€)^:i:*W* 43 
Xh^a:Wn(DC r-A 1 bv^. 
[0 0 2 1] mtH©^ifilC:feViT«, 7U-^att®3 

4±ic«cattM3 7<&iattTVis©T, 

3 4 ttiCfiSttil 3 7 Z tf)^X^. Z. 

nicJ;D7'J-^ai4)13 4©^a;'3^&Ttfs^:t*iT 

^•5. SIC, KcBSttil 3 7 JilCS^att® 3 8 Sr^tt^ 

z:i:-c, if^mums 7 '^mm^^t-r^^tibix^^tt 
h \z. mm'^itvft^m^m 3 7 icj: 7 u -mm^m 
3 4izn^7x^^m-r^z.ti!}^x€^. e>ih 
je>^®tt)i 3 2 ©^®(csip$-ts-fch!>±ie)ffl^JKtt® 
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^:iti)^-v^^. u±<Dz.t*^^, yv-mm^m3 4 
[0 0 2 2] 0 1 ir^-r«ifiic:feviT^^«s5i«, mm. 

^;fee>«, tf>±je)3i®ttJ13 2co^K{b®[^#*it!>± 

g 3 2 1 3 4 orBii'«a;'3M*s^fei;, ^inicesbTg 
z> uf^^mm^i^m-r^t. y u -^m^m 3 4 ©aft 

^. Sfc, CC0jft6i^'fb®ISIC7U-^attM3 4«^ 20 

c ^ vi t ^ < . Ammmi^^it-cmi^^ti)m ^ n 

•5. 

[0 0 2 3] ^fc. 0 1 ltS-r^jgJr:teViT, tf>±i!e) 
ffi^Mtta3 1 ^&o-F e. 0,d^e,«fi£T-5t, a-F e 

-5. ^UC5^-r*^i^3g»C*5ViTtf>ihi!e)ffl^a 30 

tf>±J)e)fflKatt^3 l©«^K««Sf«tf>ih«)^EStta 

3 2 ic®t«W3SSSi^-e-^*f^«^-erT«fiS;^&«<-r^ 
[0 0 2 4] 'Alz. m 1 ic^-r«iia©a^Si5am^)i 

mr, Sr#^lC«. fi^J;^«A 1,0,-T i C (7)l^y \ 

it:f}7.nm%thxi)^ibm'Aiii-mumi:^-r^:it\z 
j^K)i^^-r^z.ti}i-v^^, ^m\zi$:-^f£iSf-yy h 

[0 0 2 5] 01 \z^-rm®m&(DmmmiM^mm 

SrMifi-r-5lC«, A r ^XS. 3 mTorrtATT^E i:©MJE|? 
ic J; 0 »S±lc a-F e,0,f}^ibtt^if>±i^m 
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iz. *sstt^3 3*^$^^T2®©^^K^4e3 2, 34$: 

>5.^)>.^iz^r)h=yy^m\zm^-r^^^^mhxm 
<Dm^^m^Lxmmi¥3 5 tr^. as* 3 s^jg^fe 

t)^c7i^«aB<ic3 5©|^{l!l$:i»Etfcfc5tr«Sg3 6, 

3 6^m^h, ^\zmmw3 5o:)±mtmmm3 6(D± 
€>. d^TK^aiiii 3 8 $«ar-5«^»c«^;^«a# 

[0 0 2 61 j^v^TS 1 ©«E®Si£;^[tacaif ^Biiob 
x\^>±(tmmm^m 3 1 ^mmvxmit<Dr^^^m& 
■r^j:tTtf>±J6^attS3 2©fiS{b©r6]#*t!>± 

fe-r-S. £tJ:©i!!iaiCJ;oTtf>±fe^att^3 2©a 

{k©f6i€ri7u-^atte3 4©a{b©i^^*^9 0° a 

[0 0 2 7] JlCn?aa*|s:3 5«:}gfi£-rS«-&©7* h 

mmm\z:^\'^xmmi^<Di^^^^m»^mz) 

i^3 s'^m^-r^mm^n^i)^, cd-eas#:35©M 
igBfi!iiC'i':t>5 u y^mizyfm'^mfimxt^z.iiiim 

attg 3 4 ©±j'j^fig-r-5ii^attB 3 7 its^ai*® 3 
8A«:7U-^attB3 4icia/'^'fT7.*^Jra-r^©-e, 
y u 3 4 (DM^mizmn^cDummm 35© 

«--e^<, ail#:3 5 ©fi!ia5^l!l©5fCS^^jgA«®E^J& 

[0 0 2 8] :kizm2\i, ^^mizm^m^m^^^ 
mm<Dm2(Dmm=^mth<Dx, ^<Di^m<r)m.^Wi% 

wmtm 3 It. \f.>±}sbmm.'&m 3 2 t^ssit® 3 3 1 
y')-mm.m3Atmk'&.m3T iiKmmi&m3 
8' ta^i^m^i^, mmw-AQ<Dnm\z^^:b^^\zn 

[0 0 2 9] mzm3\t. ^^m\z%^mmm^^^ 
mmo'm3<DT^m^m-th<Dx, z.(Dmm^(Dmmmmii 

^mii\^x^WL±.\zf&^\.. 't<D±.\zmm-bi^mzts.^ 

J: -5 7 U 3 4 t 3 3 t hf >jhJ6^ 

m&.m 3 2h\f. yit^mmmi&m 31a: ^mm vxmm 
WAi^m^h. m&'(km3 7 ±.\zm^mmw4\(DWi 
m\zw.-i^^o\zmmm3&. 3 6^wiiiitmm.xSi 
•5. 

[0 0 3 0] ^in^©vi-rn©;^jgtr43ViT'fe7'j— 3S 
attn 3 4 jcticsstts 3 7 3 8 ^mmvx 

3 7 ts^atts 3 8 ^mm^mvx\^^(Dxmm.m 
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[0 0 3 1] -^a, m2\z^-rmm-v$>^t. muz^ 
-rmmtim-fs-K). mmi^4o^\^>±tf>m^m^m3 
1 1 tf >±tt)mm^m 3 z t *iestt« 3 3tyv -mm 
itm3 4tw(m^m3 7' tKmmi^ms 8' ta^^m 

mmm s e srjg^«irsfc*^attB 3 ? ts^atts 3 

T, 0 2 IC55-r^jg-C*tl«0 1 lr^-r«3S=t K) t>XS 
[0 0 3 2] 

mtzmm-r^mxm»^<Dx. ^m^m^-r^m^mm 

bT-f :t>5 U >y^tr J: 0 A^-z:>^t-S«-&-i?a& 



[^1] 
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[S®«ff¥;i5:ia?^] 

[s 1 ] ^^mizw^^mM.imm^^mm<Dm i 

10 i8*^-r»f®s. 

ms] ^%mizm^mmmm^^mm<Dm3(Dm 

[0 4] «e*©a»jg;^^*M-fe>-y-©m 1 <Dm^m 



3 1 if>±je)«^®ntB 

20 3 2 if>±itmsim 

3 3 ^att^ 

34 y^)-mm^m 

3 5 anflc 

3 6 mmm 



37. 3 7\ 47 ^rntkm 

3 8. 38'. 48 s^att^ 



[02] 
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